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Abstract

Thi s paper neasures and exam nes the 1987 cross secti onal
variation in toxic releases fromthe U S. chemcal industry. The
anal ysis is based on a unique plant |evel data set of over 2,100
pl ants, conbining EPA toxic release data with Census Bureau data
on econom c activity. The main results are that intra-industry
variation in toxic rel eases are as great as, or greater, than
inter-industry variation, and that plant, firm and regulatory
characteristics are inportant factors in explaining observed
variation in toxic releases. Even after controlling for primry
product and plant characteristics, there are sone firns which
generate significantly |lower toxic waste due to nmanageri al
ability and/or technol ogy differences.
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| NTRCDUCTI ON

I ndustrial activity is a major sources of environnental
degradation; waste by-products are frequently released into the
air, land and water. One of the greatest challenges currently
facing the United States, and other countries, is the economc
and environnental consequences of industrial waste.

The purpose of this paper is to neasure and exam ne the
observed variation in toxic waste across chem cal plants. Most
studi es on the generation and inpact of industrial waste are
based on case studies of a few firnms or on industry or higher
aggregate | evel data. The unique contribution of this paper is
that it conbines econom c data on chem cal plants fromthe U S.
Census Bureau's Longitudi nal Research Database (LRD) with toxic
rel ease data fromthe EPA s Toxic Rel ease Inventory (TRI),
producing a rich, plant |evel database. |In addition, the
production nodel devel oped in this paper distinguishes between
three levels of effects on toxic releases: regulatory effects,
firmeffects, and plant effects, as neasured by observabl e pl ant
characteristics, including state | ocation, firm ownership,
primary product, and categories of inputs.

A phenonenon observed in many mcrodata sets is the extrene
variation in measured characteristics. For manufacturing

industries, inter-industry variation is often less than intra-

industry variation.! In an earlier paper Beede, Bloom and




Wheel er (1992) found that two-digit industry explains |less than 2
percent of plant level variation in toxic rel eases, and four-
digit industry explains only 11 percent of the variation;
indicating that nost variation is indeed within an industry.
Cross industry variation can not be used to determ ne what
factors influence the generation of toxic releases. This can be
done only by exam ning the variation across individual plants
wthin the sane industry. It is precisely this within industry
variation, and its distribution, that are the focus of this
paper . ?

Wi |l e data on plant specific engi neering production
technologies in use are not avail able, this paper begins to
address these issues by exam ning the econom c production
behavi or of plants and the resulting toxic rel eases, based on the
five-digit product structure. | first present summary statistics

on the cross sectional distribution of toxic releases in the

The heterogeneity of several aspects of manufacturing plants
is well docunented in work by Abbott (prices, 1989), Dons (energy
use, 1993), Donms and Dunne (energy and technol ogy, 1993), dley
and Pakes (productivity, 1992), Bailey, et al. (productivity,
1992), Streitw eser (diversification, 1992), Dunne and Roberts
(out put prices, 1992), and Davis and Hal ti wanger (job fl ows,
1990) .

Firmlevel analysis is non optimal for two reasons. First,
| arge manufacturing firnms are often quite diverse, with
oper ati ons spanning several four digit industries, and sonetines
across two-digit industries. Second, prelimnary work by
Feinstein indicates there may be significant variation in waste
managenent across plants and divisions within conpanies.
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chem cal industry. Next, a two stage production and toxic
rel ease nodel is estimated.

Data fromthree sources are integrated to formthe plant
| evel cross-sectional database from 1987. Production input and
out put data are fromthe LRD and pol |l uti on abatenent expenditure
data are fromthe Pollution Abatenent Cost and Expenditures
Survey (PACE); both collected by the U S. Bureau of the Census.?
Data on manufacturing plant rel eases into the environnment of over
300 toxic chemcals are fromthe U S. Environnental Protection
Agency's Toxi c Rel ease Inventory (TRI) database. 1987 is the
first year of TRI data and provides a baseline for future
| ongi tudi nal analysis. 1In addition, econom c census year data
provi de the greatest possible scope for matching Census and EPA
dat a.

The main findings of this paper are fourfold. First,intra-
i ndustry variation in toxic waste releases is frequently greater
that inter-industry variation, even at the 5-digit product |evel.
Second, primary product is the nost inportant elenent for
explaining inter-plant variation in toxic rel eases and regul atory
effects are the least inportant. Third, toxic rel eases increase
wi th both scale and scope of the plant and firm Finally,

certain firnms are consistently better (worse) at mnimzing toxic

3PACE survey is conducted annual |y since 1972, except for
1987.



rel eases, either through managerial ability or other unneasured
effects.

This paper is organized as follows. The dispersion and
heterogeneity of toxic releases by the chem cal industry are
docunented in Section Il. The enpirical nodel is described in
Section Il1l. Sections IV and V, respectively, contain estimation
results and concluding remarks. Details of the data sources,
construction of the database, and definition of analysis

vari abl es are given in Appendi x A

1. DI SPERSI ON AND HETEROGENEI TY I N TOXI C RELEASES

Results presented in this paper are based on two matched
datasets. The primary sanple consists of the 2,143 chem cal
plants, from912 firnms. The sanple dataset is neither a random
nor a stratified sanple, rather, it is the result of matching
EPA's TRI data with the Bureau's LRD. Small plants are under
represented in the matched sanple data, as shown in Figure 1
This bias towards nediumand |large plants is largely due to EPA's
m ni mum toxic rel ease reporting requirenments, and to a | esser
extent, the Census Bureau's exenption to small plants from census
reporting requirenents (see Appendix A for details). The sanpl e
of 2,143 plants represents 17.8 percent of the total 12,039
plants in the chemcals and allied products industry, and
accounts for 55.1 percent of total enploynent, 63.3 percent of
total value of shipnents, and 84.2 percent of the industry's
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reported TRI toxic releases (Figure 2). A subsanple of 852
plants is constructed by matching these 2,143 plants with the
Bureau's PACE data. This subsanple represents 7.1 percent of the
i ndustry's plants, 42.9 percent of total enploynent, 52.0 percent
of total value of shipnents, and 78.5 percent of the reported TR
t oxi c rel eases.

Table 1 reports the intensity of toxic rel eases by two-,
three-, and four-digit chemcal industries, as well as five-digit
product classification for the sanple plants. To control for
pl ant si ze, pounds of toxic rel eases are scaled by total val ue of
production.* The nean and standard devi ation of toxic rel ease
intensity are also reported in Table 1. Two neasures of
di spersion also are reported: the coefficient of variation (the
ratio of the standard deviation to the nean) and the
interquartile range (the range between the first and fourth
quartile of the distribution).

Al t hough the data are thin for sone five-digit product
cells, we can say with certainty that the distribution of al

chem cal plants is at |east as broad as the observed distribution

of the 2,143 sanple plants. To the extent that small plants do
not nmeet the threshold requirenments for reporting their toxic
rel eases to EPA, the sanple distribution is |ikely to be narrower

and the nean is biased upward fromthe true distribution. This

* Value of production is the total value of shipnents,
adjusted for inventory changes.



hypot hesi s can be tested when the 1992 Census of Mnufacturers
data are available, as the TRl mninmumrel ease reporting

requi renments have been significantly reduced since 1987. On the
ot her hand, there are incentives for establishnments to understate
their toxic releases in order to avoid future scrutiny by

regul atory agents and the surrounding community; this behavior
w Il bias the observed nean and di spersi on downwar d.

Four salient facts are evident fromthe summary statistics
in Table 1. First, there is considerable variation in toxic
rel eases across chemcal plants. Looking at the first row, we
find that the nean of toxic releases is 19 pounds per thousand
dol l ars of production, and the standard deviation is 89.2, over
four and a half tines greater.

Second, the quantity of toxic releases varies substantially
bet ween industries, as seen in the industry total pounds of toxic
rel eases and the nmean of toxic intensity (colums 2 and 3). For
exanple, a single four-digit industry (2869), contributes 81
percent of the organic industry group (286) total. The eight
four-digit petrochem cal industries emt 62.9 percent of the
total chemical industry toxic releases.® The nean of toxic
rel eases across four-digit industries ranges from 0.8 pounds per
t housand dol | ars of production (toilet preparations, 2844) to

203. 0 pounds per thousand dollars of production (cellulosic

°The petro chemical industries are SIC 2821, 2822, 2824, 2843,
2865, 2869, 2873, and 2895.



fibers, 2823), indicating that the average cellulosic fiber plant
is over 253 tinmes "dirtier"” than the average toilet preparations
pl ant .

Third, the intra-industry variation in toxic releases is
often greater than the inter-industry variation. However, the
di fference between inter- and intra-industries | essens as we
di saggregate the data. At the three-digit level, the inter-

i ndustry coefficient of variation is 80 percent (0.80), less than
the intra-industry coefficient of variation for all eight three-
digit industries. Two-thirds of the four-digit industries and
one third of the five-digit product classes exhibit coefficients
of variation greater than the inter-industry coefficient of

vari ation.

Finally, the distribution of the coefficient of variation
shifts downward as the | evel of aggregation decreases. No three-
digit industry group coefficient of variation is of |ess than 200
percent; however, 38 percent of the four-digit industries and 61
percent of the five-digit product classes have coefficients of
vari ation between 0 and 200 percent (Figure 3).

A di sadvantage of the coefficient of variation is that it is
i nfl uenced by extrene values. To adjust for the possible
exi stence of extrene values, the interquartile range is reported
(colum 6). One fourth of the three-digit industries, 38 percent
of the four-digit industries, and half the five-digit product
cl asses have toxic releases tightly distributed about their
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respective nean (interquartile range within 5 pounds per thousand
doll ars of production of their category nean).

Wil e these sanple statistics control for primry product
and plant size, they do not control for other plant
characteristics. The econonetric nodel presented in the next
section controls for other plant factors, as well as firm and

regul atory effects on toxic waste rel eases.

1. EMPI R CAL MODEL

A plant's toxic waste is a function of what is produced and
how it is manufactured; this relationship can be characterize by
T=fFf(XY;t), where T represents toxic rel eases, X represents
inputs, Y represents outputs, and t represents the production
t echnol ogy, including pollution prevention and abatenent efforts.
| deal |y, a nmultiproduct cost or profit function with toxic
em ssion as an undesirabl e output would be estimted. One
[imtation of the data set is that it does not contain
informati on on input and output prices; therefore, real inputs
and outputs cannot be accurately nmeasured. For this reason, the
toxic release nodel is estimated in two stages: (1) Y = f(X) and
(2) T =g9g(Y*,p,f), where p and f are vectors of observabl e plant
and firmcharacteristics. 1In the first stage, plants are assuned
to mnimze costs, given conpetitive input prices. The economc
production technology is represented with a four (or five) factor
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i nput transl og production function and correspondi ng expenditure
share equations. |In the second stage, we assune that plants
mnimze toxic rel eases, given the optim zed output fromthe
first stage and controlling for three | evels of effects:

regul atory effects, firmeffects, and plant effects. Even
assum ng cost mnim zation, one expects sone variation within an
industry in the generation and treatnent of toxic waste due to
differences in plant |ocation, size, product structure, and
production technol ogy.

Qut put and factor inputs are neasured in thousands of
dol | ars, except |abor, which is neasured by plant worker hours.
Usi ng the assunption that the value of capital input into
production is proportional to book value, the book val ue of
bui | di ngs and machinery is used to proxy the annual val ue of
capital input. Three-digit industry dummy vari ables are incl uded
in the production equation to control for industry effects.
Honogeneity and synmmetry are inposed in estination; constant
returns to scale are not inposed. Efficient iterative |east
square estimates are derived for the system of equations
consi sting of the production function and the |abor, energy, and
mat eri al expenditure share equations. The limtations of the
data are recogni zed, however, the data appear to fit the nodel
reasonably well .

Pl ant Effects and Toxi c Rel eases




A nunber of variables are used to neasure plant effects on
toxic rel eases. The major advantage of the LRD data is that they
allows identification of nmajor products and material inputs at
the plant Ievel. Therefore, dummy variables for key materi al
i nput classes and the plant's primary five-digit product class
are included. Measures of scale and scope in production are al so
i ncluded. The scope, or diversification, of plant production is
measured by the primary product's share of total plant
shi pments.® Production scale is neasured with predicted out put
fromthe first stage production system This allows for
measur enent of plant |evel scalar economes with respect to
output in the generation of toxic rel eases.

Data on plant production technol ogy are not avail abl e;
therefore, capital intensity and fuel mx are used as proxies for
unobserved differences in technology. Pollution abatenent is
of ten achi eved through the application of capital equipnent to
capture and/or treat industrial waste. Plants which invest
heavily in pollution control should exhibit higher |evels of

capital intensity, as neasured by the log of capital per

enpl oyee.

®ne fourth of the sanple plants produce only one five-digit
product class. Another one third of the plants are highly
speci alized, with 80-99 percent of their value of shipnents in
one product class. Only 14 percent of the plants have | ess than
50 percent of their value of shipnments in one product class.
Anot her nmeasure of diversification is the nunber of five-digit
products manufactured. Only 13 percent manufacture nore than
five-digit products.

10



Because the production of many chemcals is a thernodynam c
process, energy is a critical input. Energy consunption is
closely related to nmany types of environnental pollution,
particularly fossil fuel based energy. The share of energy from
electricity is included as an indication of energy fuel mx.” In
general, electricity's share of total energy decreases as energy
intensity increases; thus, processors of raw material, which
require substantial energy, exhibit lower electricity share
(Dons, 1992). Fuel s used as feedstock are included in the
mat eri al i nput.

Firm Effects and Toxi c Rel eases

To a | arge degree, plant |ocation, investnent, and product
lines are firmlevel decisions. Therefore neasures of the parent
firms size, diversification, and nanagenent are included in the
nmodel. Firmsize is neasured by total firm enpl oynent, across
all plants, in all sectors of the econony. D versification of
the firmis neasured by the nunber of two-digit industries which
the firmoperates in. Firmdiversification is included to test
two conpeting hypotheses. One hypothesis is that firns operating
solely in the chemcals industry are nore aware of and adept in

using the latest production and pollution prevention/abatenent

The data include information on purchased electricity only.
El ectricity generated and consuned by the plant is unreported.
The energy expenses and electricity share may be understated. It
is estimated that 10 percent of electricity consuned in
manufacturing in 1986 was generated onsite (Ross, 1991).
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technol ogy than diversified firns, indicating an inverse

relati onship between diversification and toxic releases. On the
other hand, if diversification is a proxy for business success,
wher e success enconpasses efficient pollution abatenent, then we
woul d see an inverse relationship between diversification and
toxic releases. Lastly, firmspecific dummy variabl es proxy for
di fferences i n managenent and producti on processes across firns.

Requl atory Effects and Toxi c Rel eases

The inpact of environnental regulation on toxic releases is
difficult to measure with cross sectional data. Differences in
state em ssions reflect not only the type of manufacturing
activity occurring within each state, the nunber and size of
pl ants, but also differences in regulatory tightness across
states. Manufacturing plants are subject to both state and
federal environnmental regulation. A nunber of states inplenented
toxi c waste reduction prograns prior to any Federal action. 1In

addition, nonitoring and enforcenent of sone federal regul ations
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are the responsibility of the state.® Therefore, state dunmy
variables are used to proxy regulatory effects.®

Studies of air and water em ssions generally use pollution
abat enent expenditures to nmeasure the inpact of regulation on
facilities. While releases of sonme chem cal toxins on EPA's TR
list are regul ated under the Cean Air and C ean Water Acts, nost
are not federally regulated. Facilities are required only to
report their manufacture and use of the listed toxins. Efforts to
reduce rel eases of these toxic chemcals are voluntary.
Nevert hel ess, pollution abatenent expenditures are included in
the toxin equation to test the strength of the relationship
bet ween pol | uti on abat enment expenditures and TRl rel eases. An
additive error termis appended to the toxic rel ease equation.

It is unclear how pollution abatenent technology enters into

a plant's decision and production process. It is reasonable to

8 There are a nunber of works which seek to explain the |inkage
bet ween pl ant | ocation and environnental regulation. Levinson's
(1992) paper contains a nice review of this literature. Only a
few studi es have found environnental regulation to have a
significant inpact on new plant |ocation, such as Levinson (1992)
and McConnell and Schwab (1990). Beede, Bl oom and \Weeler
(1990) hypothesis that for existing plants, margi nal changes in
state environnental regulation is neet by changes in production
technol ogy to reduce environnental waste or changes in product
structure.

State | evel environmental expenditures, devel oped by Beede,
Bl oom and Weel er (1992), were insignificant, perhaps because
these state expenditures neasure the differences across states in
the intensity of regulation enforcenent, but not of the
stringency of the regul ations.
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i ncl ude pollution abatenent in the production function as such
activities inpact output by diverting resources away from
production. At the sane tine, pollution abatenent al so inpact
em ssions. Therefore, | include pollution abatenent operating
and mai nt enance expenditures in both the production equation and
toxi c rel ease equati on.

The enpirical nodel is:

St age |

7 4 44
IY - O + B IND, » SBinX;  ~X5B, - €

ket I3 2 144 ( 1)
3
m; =B+ JX;BHnX]

Stage I1I:

InT = @, - 3B, MC,, + SB,PPC, + B,InDIVERSE, + B,InY- +
B,ELEC - B, InCAPILAB - B,nTE . B,InDIVERSE, - (2)
>B,FIRM, + 3B, STATE, + B,,InPACE -+ &

wher e
I nY | og (val ue of production), in thousands of
dol |l ars
I nX |l og (factor input)
capital --book val ue of assets, in thousands of
dol | ars
| abor - - wor ker hours
ener gy--energy expenditures, in thousands of
dol | ars
mat eri al s--materials expenditures, in
t housands of dollars
pace--pol | uti on abatenent operating
expendi tures, in thousands of dollars

| ND three-digit industry dummy vari abl e

I nT | og (pounds of toxins released or transferred
of fsite)

plant effects:

MC mat eri al dummy vari abl e

PPC primary product dummy vari abl e

| nDI VERSE, | og (primary product's share of val ue of
shi prment s)
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| nY* predi cted | og(val ue of production, in thousands
of dollars)

ELEC purchased electricity / fuel expenditures

| NCAP/ LAB | og (capital book val ue, in thousands of
dol l ars/total enploynent)

firmeffects:

| nTE | og (parent conpany's total enploynent)

| nDI VERSE: | og (nunber of two-digit industries parent firm
operates in)

FI RM parent conpany dummy vari abl e
reqgul atory effects:
STATE state | ocation dumy vari abl e
| nPACE | og (pollution abatenent operating expenditures,

i n thousands of dollars)

V. ESTI MATI ON RESULTS: | NTRA PRODUCT CLASS VARI ATl ON
Coefficient estimates for two nodels are reported in Table
2. Mdel | is estimated with data on 2,143 chem cal plants from
1987, with pollution abatenent expenditures absorbed into the
ot her input categories. Mdel Il separates out pollution
abat enent operating and nmai nt enance expenditures from | abor,
energy, and material expenditures, creates a fifth factor input
for pollution abatenent operating expenses, and is estinmated with
t he 852 observations for which pollution abatenent expenditure
data are avail abl e.
While our main interest is in the generation of toxic waste,
a brief note on the estimated production function is in order.
Surprisingly, both nodels exhibit slight decreasing returns to
scale: 0.97 in Mddel | and 0.96 in Mddel 11. WVald tests on
constant returns to scale and the Cobb-Douglas functional form

are strongly rejected at the 99 percent |evel by both nodels.
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Monotinicity conditions, which require that all expenditure
shares be non negatives, are net for all but 3.6 percent of the
8,572 predicted expense shares in Mddel | and 5.4 percent of the
4,030 expense shares in Mddel I1. These violations are rel ated
primarily with a negative estinmate for the energy share.
Estimated own price elasticities are all appropriately negative
and fairly elastic, ranging froma low of -1.34 for naterials to
a high of -5.9 for energy. Al cross price elasticities are
positive in Mddel |I. Allen and Mirishinma substitution
elasticities indicate substantial scope for substitution anong
all factor inputs. Wiile all factor inputs are Morishinma
substitutes in Mdel 11, |abor and capital, energy and capital,
energy and materials, energy and pollution abatenent, and

pol l uti on abatenent and capital are Al len conplinents.

Model | explains 58 percent of the observed cross sectional
variation in plant level toxic intensity and Mdel |1 explains 62
percent. The follow ng discussion is based on nodel |, eval uated

at the sanple nean, unless ot herw se stated.

Pl ant Effects

Toxic rel eases increase with both the scal e and scope of
plant activity. Model | exhibits slight increasing returns to
scale in the generation of toxic waste. A 1 percent increase in
out put generates a 1.08 percent increase in toxic waste.

However, when pollution abatenent operating expenditures are
included in the nodel (Moddel 11), there appears to be decreasing
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scalar returns in the generation of toxic releases; a 1 percent
increase in output generates only a 0.6 percent increase in toxic
rel eases. This difference in scalar returns between the nodels
is not a function of the different sanples, but solely due to
nodel specification. Wen Mdel | (with pollution abatenent
omtted) is estinmated on the subsanple used to estinmate Model 11
returns to scale are again slightly greater than unity.

Toxic rel eases increase by 0.3 percent wwth a 1 percent
increase in plant level diversification. This supports the
hypot hesi s that highly specialized producers are nore
know edgeabl e about, and better able to prevent toxic rel eases
t han di versified producers. This may be driven by the
difference in batch and conti nuous production. Batch production,
where smal |l anmounts of a variety of specialized products are
produced requires the shutdown and cl eani ng of equi pnent between
production runs, thereby increasing the |ikelihood of toxic waste
bei ng rel eased.

The two neasures of production technol ogy, capital intensity
and electricity's share of total energy, are inversely related to
toxic releases. This inverse relationship between toxic rel eases
and electricity's share of energy is consistent with the facts
that: 1) large energy consunm ng plants use proportionately |ess
electricity than do small energy consum ng plants, 2) large
energy consum ng plants are generally processors of raw
materials, as opposed to finishers, and 3) processors generate

17



greater volunes of industrial waste, including toxins.

FirmEffects

Per haps the nost significant result of this analysis, in
terms of industrial behavior, is that certain firns generate
significantly different anounts of toxic rel eases, even after
accounting for regulatory effects, product choice, and other
pl ant characteristics. Thirteen firnms, with 64 chem cal plants,
operate with significantly |l ower toxic em ssion, and two firns
rel ease significantly greater anounts of toxins.'® There are a
nunmber of possible sources of these anonalies. First,
differences in toxic waste may reflect differences in production
technol ogy across plants of a firmnot captured by the nodel.

The observed heterogeneity may arise fromdifferences in
managenent ability and actions. Certain plants (firnms) are just
better at using pollution prevention and abatenent devices and
techniques. Finally, it is plausible that there are certain
intra firm"spill-over effects". For exanple, if managenent at
one plant of a multi-unit firmdevel ops the nethods to prevent or
reduce toxic releases, say in response to public pressure,
| ocation in a tightly regulated state, or court action, these

met hods are likely to be adopted by all plants within the firm

YSix of the statistically significantly firmdunmes from
Model | are also significant in Mddel Il. In addition, three
other firmdumm es are statistically significant in Mdel I1.
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but not necessarily spread beyond the firm Previous anal ysis of
production diversification indicates that plants belonging to the
sane firmtend to be simlar in product structure, while
differences across firns is substantial (Streitw eser, 1991). As
wth the state effects, additional data and nodeling effort are
necessary to isolate the sources of the firmdifferentials.

Toxic rel eases increase with both firmscale and scope,
al though firmeffects are weaker than plant scal e and scope
effects. A 1 percent increase in the parent firnms tota
enpl oynent is associated with a 0.4 percent increase in toxic
rel eases, and a 1 percent increase in firmdiversification
results in a .2 percent increase in toxic rel eases.

Requl atory Effects

Only two state dummy variables in Mddel | are statistically
significant. Chem cal plants in Colorado and North Carolina
exhibit significantly | ower than average toxic rel eases, after
controlling for firmand plant effects. Wth Mdel 11, only
Del aware has toxic rel eases significantly | ower than average,
whi | e Tennessee, Texas, and West Virgi nia have greater than
average toxic waste. The difference in the significant state

dumm es between the two nodels is driven by the different data

“There is a strong linear relationship between firm size and
diversification. This results is severe nulticolinearity
probl ens when both variables are included in the toxic rel ease
equation. To correct for this nmulticolinearity, the relationship
anong these two regressors is formalize into a second equati on,
and the two equations are estimted sinultaneously.
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sanpl es, not the treatnent of pollution abatenent expenses. Wen
Model | is estimated on the subset of plants used to estimte
Model |1 Del aware, Tennessee, Texas, and West Virginia dunmy
vari abl es are significant, Col orado and North Carolina are not.
Addi tional data on state prograns and enforcenent activities are
needed to determne if these state effects truly reflect
differences in regulatory tightness or sone other unneasured
effect.

From nodel 11, pollution abatenent operating expenditures
have a significant inpact on both production output and toxic
rel eases: 1 percent increase in pollution abatenent operating
expenses is associated with a 0.4 percent increase in toxins.
This should not be interpreted as a causal relationship. Rather,
increases in toxic waste generation are net with increased
outlays to control the toxins. However, the pollution abatenent
variable is subject to neasurenent error. It reflects operating
expenditures on all types of pollution abatenent activity, not

just that associated with toxic rel eases.

V.  CONCLUSI ONS

Thi s paper uses a unique plant |evel data set on over 2,100
chem cal plants in 1987 to docunent and explain the heterogeneity
of toxic releases. First, | neasure the dispersion to show that,

even at the four-digit level, intra-industry variation in toxic
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releases is often as great as, or greater than, inter-industry
variation. Next, | estimate a two stage nodel of toxic rel eases,
in which plants are classified according to their primary
product. Enpirical results indicate differences in toxic

rel eases vary systematically wth neasurable plant, firm and
regul atory effects.

The nodel is able to explain nore than half the observed
variation in plant level toxic releases. Toxic releases increase
with the scale and scope of plant and firmlevel activities,
al though plant level effects are stronger. Differences in
production technol ogy, as neasured by capital intensity and share
of energy fromelectricity, are inversely related to toxic
rel eases.

The firmdumy vari abl es show that a nunber of firns are
nore "efficient” in terns of toxic waste, although a few firns
are significantly "dirtier", reflecting differences in nmanagenent
ability and/or unneasured differences in production technol ogy.
Finally, few state |ocation dummy variables are significant,
suggesting that location is not a close proxy for differences in
regul atory stringency.

Data are not currently available to determ ne the remaining
difference in inter plant/firmtoxic release intensity. There
are two areas to focus our attention on. Either there is
consi stent neasurenent error in the data reported by plants of
certain firms, or plants of certain firns do not have the
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standard stream of toxic rel eases because they do not generate
the toxins in the first place, or they are nore effective in
capturing, neutralizing, and/or recycling the toxins. At this
time little can be said about possible neasurenent error in the
econom ¢ data. However, an EPA study indicates that the chem cal
i ndustry has not only the highest conpliance rate for required
reporting of toxic releases (88 percent), but also a lowrate for
errors in what is reported.'® Differences in toxic rel ease
streans, ceteris paribus, can be due to the sel ected outputs, use
of different production technol ogy, including use of different

i nputs and/ or processes, or differences in managenent ability.
Dat a on production technology is highly desirable.

The policy inplications that can be drawn fromthis paper
are threefold. First, additional data are needed on production
processes, managenent attitudes and actions concerning pollution
prevention and abatenent, and inputs and outputs of production.
An end to the exenption to small plants fromreporting detail ed
data woul d facilitate nore conplete exam nation of scal ar
economes in pollution prevention and abatenent. Second, nore

research is needed to identify the unobserved firm and pl ant

?Anal ysis of Non-Respondents to Section 313 of the Energency
Pl anni ng and Conmunity R ght-To- Know Act" by Abt Associ ates, Inc.
(March 1990) and "Site Visit Programto Assess 1988 Toxi c Rel ease

I nventory Data Quality"” by Radian Corp. (July 1991). | assune
t he concl usi ons reached by Radi an based on 1988 TRI data are
applicable to 1987 data as well, in terns of relative industry
responses.
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differences in toxic releases. The relative inportance of
t echnol ogy versus managenent are essential to fornul ating cost
ef fective public policy.

Finally, where there are cost effective nethods for
production with | ower toxic rel eases, as evident by broad
distributions of toxic intensity for producers of the sane
products, policy nmakers could pronote the di spersion and adoption
of the less toxic production technol ogies.® Were there does
not appear to be any existing pollution prevention and abat enent
technol ogy, the policy should be to pronote the research and
devel opnent of such technology. Considering the substanti al
i ntra-product class heterogeneity anong plants, is would be
surprising if the traditional "command and control"” approach to
capture pollution with end-of-1line equipnent is the optinal

approach. **

¥The Office of Industrial Technol ogies, U S. Department of
Energy currently conducts a joint industry-governnment programto
identify areas where research and devel opnent of energy and waste
ef ficient manufacturing technol ogy are nost needed.

“Hel fand (1991) provides a theoretical framework for the
effects of several common types of environnmental regulation.
Both firmand industry structure can be distorted when a single
regul ation is i nposed on a heterogeneous industry.
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Table 1

Chem cal Industry Toxic Rel eases Distribution
Summary Statistics, 1987
(N = 2,143)
| ndustry (SIC Code) Sum Toxi ¢ Mean Toxi c St andard Coef fi ci ent Interquartile
Rel eases? | nt ensi ty? Devi at i on of Variation Range
Chenmicals & Allied Products (28) 2,794. 27 19. 03 89. 17 4. 69 8. 06
Three-Digit Industry G oup
I ndustrial Inorganic (281) 360. 09 34. 07 172. 30 5. 06 7.21
Pl astics & Resins (282) 441. 41 11. 30 35. 07 3.10 7.22
Dr ugs (283) 85. 23 13.73 33.09 2.41 8. 26
Soaps & Cosnetics (284) 25.75 3.22 11. 86 3. 68 0. 85
Paints & Allied Products (285) 65. 05 9. 15 27.14 2.97 7.49
I ndustrial Organics (286) 1, 106. 63 34.50 110. 04 3.19 22.09
Agricul tural Chenicals (287) 649. 19 50. 45 135. 99 2.70 22.58
M sc. Chenicals (289) 60. 93 7.48 35. 08 4. 69 4. 07
Across 3-Digit Industry G oups 2,794. 27 20. 49 16. 92 0. 83 25.97
Four-Digit |ndustry
Al kalies & Chlorine (2812) 8. 96 5.92 10. 54 1.78 5. 15
I ndustrial Gases (2813) 2.68 18. 57 108. 74 5. 86 0. 56
I norgani ¢ Pignments (2816) 199. 37 103. 84 418. 84 4.03 24. 85
I ndustrial | norganic, NEC (2819) 149. 07 30. 50 119. 41 3.92 7.81
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| ndustry (SIC Code) Sum Toxi ¢ Mean Toxi c St andar d Coef fi ci ent Interquartile
Rel eases? Rel eases Devi ati on of Variation Range
Pl astics & Resins (2821) 169. 49 7.38 12.54 1.70 7.11
Synt heti ¢ Rubber (2822) 111.70 20. 38 48. 87 2.40 9.75
Cel | ul osi c Fi bers (2823) 106. 17 203.01 163. 96 0.81 276. 48
Organi ¢ Fi bers (2824) 54. 05 5.71 11.76 2.06 3.94
Medi ci nal s & Bot ani cal s (2833) 56. 39 22.81 27.08 0. 97 43. 09
Phar maceuti cal s (2834) 25.53 9. 99 36. 05 3.61 2.77
Di agnosti ¢ Substances (2835) (D) (D) (D) (D) (D)
Bi ol ogi cal Products (2836) 2.67 3.51 4. 27 1.22 6. 02
Soap & Detergents (2841) 2.32 1.09 4. 35 4.00 0. 46
Pol i shes & Sanitation (2842) 0. 83 0. 85 1.98 2.33 0.70
Surface Active Agents (2843) 20. 52 10. 05 21.82 2.17 7.95
Toi l et Preparations (2844) 2.08 0. 84 1.90 2.27 0.48
Paints & Allied Products (2851) 65. 05 9. 15 27.14 2.97 7.49
Gum & Whod Chemical s (2861) (D) (D) (D) (D) (D)
Cyclic Crudes & Internmed. (2865) 228.12 41. 29 89. 08 2.16 34. 46
I ndustrial Organics, NEC (2969) 875. 78 32.15 117. 57 3. 66 17. 22
Ni t rogenous Fertilizers (2873) 273.54 114. 16 178. 41 1.56 83.09
Phosphatic Fertilizers (2874) 329. 04 90. 72 211.09 2.33 35. 02
M xed Fertilizers (2875) 0.11 0.91 1.90 2.08 0. 59
Agricul tural Chem, NEC (2879) 46. 49 8.02 22.29 2.78 7.37
Adhesi ves & Seal ants (2891) 11.87 4.85 11.02 2.27 4. 39
Expl osi ves (2892) 6. 54 7.88 10. 32 1.31 8. 49




| ndustry (SIC Code) Sum Toxi ¢ Mean Toxi c St andard Coef fi ci ent Interquartile
Rel eases? | nt ensi ty? Devi ati on of Variation Range

Printing I nk (2893) 2.00 3.30 4.78 1.45 3.69
Chemi cal s, NEC (2899) 37.53 10. 45 52. 05 4.98 2.52

Across 4-Digit Industries 2,794. 27 27.99 45.19 1.61 22.96
Five-Digit Product C ass
Chl orine (28121) (D) (D) (D) (D) (D)
Sodi um Hydr oxi de (28123) 7.01 8. 08 13. 83 1.71 10. 08
O her Alkalies (28125) 1.03 3.99 4. 44 1.11 4.94
Car bon Di oxi de (28133) 1.40 116. 36 287.28 2. 47 9.70
Ni t rogen (28135) 0.24 3.97 17. 47 4. 40 0. 09
Oxygen(28136) 0.27 0.19 0. 46 2.38 0. 05
O her Industrial Gases (28137) (D) (D) (D) (D) (D)
Ti tani um Pi gnents (28161) 134.81 64. 89 82.24 1.26 119. 48
O her White Opaque Pignments 1.53 7.07 10. 61 1.50 5.27
(28162)
Chrone Col ors (28163) 63. 03 150. 63 555. 85 3.69 6.72
I ndustrial 1norganics, NSK (D) (D) (D) (D) (D)
(28190)
Sul furic Acid (28193) 24.18 138. 85 354. 05 2.55 77.90
I norgani c Aci ds (28194) (D) (D) (D) (D) (D)
Al umi num Oxi de (28195) (D) (D) (D) (D) (D)
O her Al uni num Conpounds (28196) 0. 04 0. 98 0. 89 0. 90 0.41
Pot assi um & Sodi um Conp. (28197) 21.73 23. 98 85. 67 3.57 5. 66
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| ndustry (SIC Code) Sum Toxi ¢ Mean Toxi c St andard Coef fi ci ent Interquartile
Rel eases? | nt ensi ty? Devi ati on of Variation Range
Catal ytic Preparations (28198) 19. 88 17. 66 27.93 1.58 20. 43
Plastics Materials, NSK (28210) 0.13 1.85 2.31 1.24 3.55
Ther nopl astic Resins (28213) 141. 67 6.78 10. 84 1.60 6.78
Ther nosetting Resins (28214) 27.69 8. 59 14. 87 1.73 6. 50
Synt heti ¢ Rubber (29220) 111.70 20. 38 48. 87 2.40 9.75
Rayon & Acetate Fibers (28230) 106. 17 203. 01 163. 96 0. 81 276. 48
Nyl on (29241) 41. 3 18. 84 24.17 1.44 30. 11
Pol yest er (29244) 5.14 2.53 2.20 0. 87 2.77
Q her Manmade Fi bers (29247) 6. 59 6.18 8. 35 1.36 16. 15
Textured Mannmade Fibers (29248) 1.02 1.48 2.46 1. 67 1.27
Medi ci nal Chenical s (28330) (D) (D) (D) (D) (D)
Synt hetic Organic Medicinals 54. 34 26.18 25.22 0. 96 35.21
(28331)
Ot her Medicinal s, NEC (28333) 1.46 17.99 34.94 1.94 35. 30
Phar maceuti cal s NSK (28340) (D) (D) (D) (D) (D)
Phar maceutical s Affecting (D) (D) (D) (D) (D)
Neopl asns (28341)
Phar maceutical s Acting on 1.59 6. 39 22.07 3.45 1.97
Ner vous Systens (28342)
Phar maceutical s Acting on 2.36 1.00 1.05 1.04 2.02
Car di ovascul ar System (28343)
Phar maceutical s Acting on 2.13 1.07 1.81 1.69 0. 89
Respiratory Systen(28344)
Phar maceutical s Acting on 0.37 0. 30 0.48 1.63 0.24

Di gestive Systenm 28345)
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| ndustry (SIC Code) Sum Toxi ¢ Mean Toxi c St andard Coef fi ci ent Interquartile

Rel eases? | nt ensi ty? Devi ati on of Variation Range

Phar. Acting on Skin (28346) (D) (D) (D) (D) (D)

Vi tani ns (28347) 2.33 6.03 8. 96 1.48 7.60

Phar maceutical s Affecting 11. 85 6.62 15. 77 1.38 3.85

I nfective Di seases (28348)

Phar., Veterinary Use (28349) 3. 68 36. 62 84.53 2.31 15. 06

Di agnostic Sub., In Vitro (D) (D) (D) (D) (D)

(28351)

Bl ood & Derivatives (28361) (D) (D) (D) (D) (D)

O her Biol ogics (28363) (D) (D) (D) (D) (D)

Bi ol ogi cs, Vet. Use (28364) (D) (D) (D) (D) (D)

Soap & Detergents, NSK (28410) 0. 05 0. 55 1.31 2.05 0.41

Soap & Detergents, Not Hshd 1. 07 1.36 5.28 3.87 0.50

(28411)

Househol d Detergents (28412) 1.18 0. 89 3.51 3.94 0. 16

Soaps, Household (28413) 0. 02 0.42 0. 94 2.23 0. 00

Speci alty C eaning, NSK (28420) 0. 05 0. 98 1.39 1.42 1.72

Househol d Bl eaches (28422) (D) (D) (D) (D) (D)

Speci alty C eaning (28423) 0. 69 1.60 2.93 1.83 1. 06

Pol i shi ng Preparations (28424) 0. 10 0. 54 0. 80 1.47 0.75

Surface Active Agents (28430) 20. 52 10. 05 21.82 2.17 7.95

Perfumes & Cosnetics, NSK (D) (D) (D) (D) (D)

(28440)

Perfunes (28442) (D) (D) (D) (D) (D)

Hai r Preparations (28443) 0.78 0. 95 2.13 2. 24 0.56
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| ndustry (SIC Code) Sum Toxi ¢ Mean Toxi c St andard Coef fi ci ent Interquartile

Rel eases? | nt ensi ty? Devi ati on of Variation Range

Dentifricers (28444) (D) (D) (D) (D) (D)

O her Cosnetics (28445) 1.15 0. 99 2.19 2.20 0. 45

Pai nts & Varni shes, NSK (28510) 0. 36 4.23 5.79 1. 37 5.24

Architectural Coatings (28511) 7.91 2.23 5.58 2.49 1.98

Product Fini shes (28512) 40. 28 15.79 39.91 2.53 13. 58

Speci al Purpose Coatings (28513) 13. 46 8. 16 14. 17 1.36 7.62

M sc. Paint Products (28515) 3. 05 7.48 16. 58 2.22 8. 69

Softwood Distillations (28611) (D) (D) (D) (D) (D)

O her Gum & Whod Products (D) (D) (D) (D) (D)

(28612)

Cyclic Organic Crudes, NSK (D) (D) (D) (D) (D)

(28650)

Cyclic Interned. (28651) 167. 32 58. 00 91. 42 1.58 67. 41

Synt hetic Organic Dyes (28652) 13. 90 12.93 16. 02 1.24 20. 88

Synt hetic Organic Pignments 37.41 50. 87 127.81 2.51 24.02

(28653)

Tars (28655) 4.41 30. 14 66. 34 2.20 9. 38

Aromatics (28656) (D) (D) (D) (D) (D)

I ndustrial Organics, NSK (28690) 10. 20 16. 70 32.11 1.92 16. 49

Li quefi ed Refinery Gases (28691) 28. 05 3. 36 1.59 0. 47 2.50

Synt hetic Organic Chem NEC 23.23 46. 49 219.71 4.73 10. 06

(28693)

Pesti ci des (28694) 20. 43 16. 38 15. 38 0.94 29. 76

Et hyl Al cohol (28695) 10.19 27. 06 51.63 1.91 29. 89
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| ndustry (SIC Code) Sum Toxi ¢ Mean Toxi c St andard Coef fi ci ent Interquartile
Rel eases? | nt ensi ty? Devi ati on of Variation Range
M sc. End-Use Chenicals (28696) 22.23 26. 43 78.71 2.98 11. 62
M sc. Cyclic Chemcals (28697) 761. 45 39. 45 120. 55 3. 06 21.39
Ni t rogenous Fertilizers, NSK (D) (D) (D) (D) (D)
(28730)
Synt heti ¢ Ammoni a Conp. (28731) 211. 25 103. 70 179. 49 1.73 84. 32
Urea (28732) 62. 30 218. 45 161.79 0.74 256.41
Phosphatic Fertilizers, NSK (D) (D) (D) (D) (D)
(28740)
Phosphoric Acid (28741) 169. 02 138. 06 171. 09 1.24 274. 98
Super phosphate Fertilizers 159. 43 120. 38 275.52 2.29 92.42
(28742)
M xed Fertilizers (28744) 0. 59 7.03 12. 67 1.80 4. 64
M xed Fertilizers (28750) 0.11 0.91 1.90 2.08 0. 59
Pestici des, NSK (28790) 0. 04 1.62 2.31 1.43 1.97
I nsecticidal Prep. (28795) 2.39 7.42 12.61 1.70 14.79
Her bi ci dal Preparati ons (28796) 40. 59 13. 07 33.94 2. 60 16. 16
Fungi ci dal Preparations (28797) 2.76 5.57 10. 20 1.83 10. 43
O her Pesticidal Prep. (28798) (D) (D) (D) (D) (D)
Hshd Pesticidal Prep. (28799) 0.43 1. 07 1.01 0. 94 1.93
Adhesi ves, NSK (28910) 0. 63 10.72 21.72 2.03 13.10
Nat ural Base d ues (28913) (D) (D) (D) (D) (D)
Synt hetic Resins (28914) 10. 22 5.48 11. 47 2.09 5.79
Structural Seal ants (28916) 0. 68 3.57 2.80 0.78 1.25
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Nonstructural Seal ants (28917) 0. 32 0. 85 1.43 1.69 0. 86
| ndustry (SIC Code) Sum Toxi ¢ Mean Toxi c St andard Coef fi ci ent Interquartile
Rel eases? | nt ensi ty? Devi at i on of Variation Range
Expl osi ves (28920) 6. 54 7.88 10. 32 1.31 8. 49
Printing Ink, NSK (28930) (D) (D) (D) (D) (D)
Letterpress |Inks (28931) (D) (D) (D) (D) (D)
Li t hographic & Offset |nks 0.14 2.08 4.81 2.32 0.72
(28932)
Gravure | nks (28933) 0. 87 5.75 5.73 1.00 6. 17
Fl exogr aphi c | nks (28934) 0. 86 2.01 3. 50 1.74 1. 47
Printing | nks, NEC (28935) 0.13 2.70 3.72 1.38 1.92
Car bon Bl ack (28950) (D) (D) (D) (D) (D)
Chemi cal s, NSK (28990) 0. 63 7.58 12.31 1.62 11.34
Evaporated Salt (28991) (D) (D) (D) (D) (D)
Fatty Acids (28992) 18. 97 25.59 35. 88 1.40 32.08
Gel atin, Except Ready-to-Eat 3. 65 53.15 57.15 1.08 89. 64
(28994)
Chem Preparation, NEC (28995) 14.12 8.92 55.78 6.21 1.99
Across 5-Digit Product O ass 2,794. 27 21.33 40. 42 1.90 16. 60
! Pounds of Toxins Rel eases and Transfers, in millions.

2 Pounds of Toxins/ Thousand Dol |l ars Val ue of Producti on.

(D) Disclosure protected.
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Table 2

PARAVETER ESTI MATES

. 920)
. 048)
. 047)
. 121)
. 131)

. 004)
. 057)

Model |
TOXI C RELEASE EQUATI ON
Plant Effects
Product Dunmmi es Yes*
Mat erial Dumm es Yes*
| nt er cept 8.035* (O
Y* 1.080* (O
CAP/ LAB -0.173* (0
ELEC -0.332* (O
DI VERSE, -0.341* (0
FirmEffects
Fi rm Dumm es Yes*
TE- 0.388* (O
DI VERSE: 0.241* (O
Requl atory Effects
State Dumm es Yes*
PACE
Nunber of Qbservations 2,143
Adj usted R 0.5792

*Significant at 95 percent | evel
Standard errors in parenthesis
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Model 11

Yes*

Yes*
10. 195* (1
0.637* (0
-0.124 (O
-1.355* (0
-0.287 (O

Yes*
0.429* (0
0.080 (O

Yes*
0.367* (0

852
0. 6235

. 136)
. 106)
.070)
.573)
.187)

. 008)
. 092)

. 069)



Mbdel | Mbdel |

PRODUCTI ON EQUATI ON
| ndustry Dumm es Yes* Yes*

| nt er cept 9.914* (0.024) 10.979* (0.049)
LAVBDA 0.972* (0.007) 0.957* (0.014)
CAPI TAL 0. 352* (0.001) 0.392* (0.004)
LABOR 0. 149* (0.002) 0.126* (0.002)
ENERGY 0.028* (0.001) 0.032* (0.001)
MATERI AL 0.443* (0.004) 0. 396* (0.006)
PACE 0.011* (0.000)
CAPI TAL? 0. 063* (0.000) 0.167* (0.003)
LABOR? 0.077* (0.001) 0.073* (0.001)
ENERGY? 0.023* (0.001) 0. 025* (0.001)
MATERI AL? 0.138* (0.002) 0.170* (0.003)
PACE? 0. 009* (0.000)
CAPI TAL* LABOR -0.043* (0.000) -0.032* (0.001)
CAPI TAL* ENERGY -0. 008* (0.000) -0.008* (0.001)
CAPI| TAL* MATERI AL -0.098* (0.000) -0.126* (0.001)
CAPI| TAL* PACE -0.001* (0.001)
LABOR* ENERGY -0.004* (0.001) -0.009* (0.001)
LABOR* MATER!I AL -0.029* (0.001) -0.032* (0.001)
LABOR* PACE 0. 000 (0.000)
ENERGY* MATERI AL -0.011* (0.001) -0.007* (0.001)
ENERGY* PACE -0.002* (0.000)
MATERI AL* PACE -0.006* (0.000)
Nunber of Qbservations 2,143 852
Adj usted R 0. 9085 0. 8599

*Significant at 95 percent |evel.
Standard errors in parenthesis.
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figures 1 & 2
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figures 3 & 4
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APPENDI X A

Dat a Sour ces

The data analyzed in this paper are extracted from a
dat abase created by integrating four datasets. Two data sets
fromthe U S. Bureau of the Census and two fromthe EPA are
integrated to forma plant |evel cross sectional database for
1987. Data on production inputs and outputs are fromthe
Longi tudi nal Research Database (LRD). The LRD is naintai ned at
the Census Bureau's Center for Economic Studies; it is a
concatenation of the 1963, 1967, 1972, 1977, and 1982 Census of
Manuf acturers (CM and all Annual Survey of Manufacturers (ASM
since 1977. This paper uses 1987 data as census year data give
t he greatest possible match rate between the various data sets.®

Pol | uti on abatenent operating and mai nt enance expenditures
are fromthe 1988 Pol |l uti on Abatenent Cost and Expenditures
Survey, also fromthe Bureau of the Census.

Census of Manufacturers (CM

The CMis a conplete enuneration of all manufacturing
establ i shnments, conducted every five years by the U S. Bureau of
the Census. An establishnent is defined as a single physical

| ocation, generally corresponding to a manufacturing plant. Each

®The Census of Manufacturers is conducted decennially, in
years ending with "2" or "7". It is a conplete enuneration of
all manufacturing establishnments. The Bureau surveys a sanple of
nmostly large plants in non-census years for the Annual Survey of
Manuf act urers.
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plant is classified to an industry according to the Standard

I ndustrial Cassification System (SIC). An industry code is
assi gned based on the plant's primary activity, as determ ned by
the greatest portion of value of shipnents. |In 1987 there were
12,392 plants classified in the chem cal industry (SIC 28).

Plant data fromthe LRD used for this study include the

fol | ow ng:

|dentifying Information: Nane, Address, and Pl ant Nunber

Location Information: State, County, SMSA, and Pl ace

Assi gned Industry: Four-digit SIC Code

Products Produced: Five-digit SIC Codes

Val ue of Shipnents: Total for each Five-digit Product

Labor Inputs: Total Enploynent, Production Hours, and
Sal ary and Wages

Energy Inputs: Total Energy Expenditures and

El ectricity Purchased

Material Inputs: Total Cost of Materials

Materials Used in Production: Six-digit SIC Code

Val ue of Production: Value of Shipnents adjusted for
Wrk In Progress and Changes in Inventory.

Pol | uti on Abat enent Cost and Expendi tures Survey (PACE)

The PACE, conducted annually by the U S. Bureau of the
Census, surveys approxi mately 17,000 manufacturing plants about
their annual pollution abatenent operating, nmaintenance, and new
pol l uti on abatenment capital investnent expenditures. As no
survey was conducted in 1987, data fromthe 1988 survey are used.
The survey is a probability sanpling of plants fromthe 1987
Annual Survey of Manufactures (ASM. The ASMis itself a
probability sanpling of approximtely 57,000 nmanufacturing plants

selected fromthe 1982 CM suppl enmented annual ly by new

40



manuf acturing plants. Al plants with fewer than 20 enpl oyees
are excluded fromthe PACE survey. '
The 1988 PACE survey includes 864 plants in the chem cal
industry. Data extracted fromthe survey are:
I dentifying Information: Nane, Address, and Pl ant Nunber
Location Information: State, County, SMSA, and Pl ace
Assi gned Industry: Four-digit SIC code
Pol | uti on Abatenent Operating Expenditures: Labor,
Material s, and Capital Depreciation.

Toxi c Rel ease I nventory (TRI)

A chemcal is toxic if it causes damage to living tissue,
i npai rment of the central nervous system severe illness, or
deat h when i ngested, inhaled, or absorbed through the skin.
Toxicity is an objective neasure based on test dosages nmade on
experinmental aninmals under controlled conditions. Al known
carci nogenic chemcals are classified as toxic. Toxins are a
subset of hazardous material, but not all hazardous materials are

toxic.'

®Early surveys indicated establishments with fewer than 20
enpl oyees contributed only 2 percent to the pollution abatenment
spendi ng estimates but were 10 percent of the sanple. Since 1976
these snmal |l establishnents have been dropped fromthe sanpling
franme.

YA hazardous material is one which, in normal use, can be
damaging to the health and well-being of man. Such materi al
i nclude toxic agents, corrosive chemcals, flanmble material s,
expl osi ves and strong oxidizers, materials subject to heat buil d-
up during storage, and radi oactive chemcals that emt ionizing
radi ati on.
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Under Title Ill of the Superfund Amendnents and
Reaut hori zation Act of 1986,' all manufacturing facilities are
required to report annually to EPA the presence, releases, and
transfers offsite of some 320 toxic chenmicals if they: '

1) engage in general manufacturing activities, and

2) enploy the equivalent of ten or nore full tine enployees,

3) a.aggoduce, and/ or inport, and/or process 75,000 pounds

or nore of any TRl chem cal, or
b. use 10,000 pounds or nbre in any nanner.
Much of this data is available to the public through the Toxic
Rel ease I nventory database (TRI).

The TRI data files contains information identifying the
facility involved and its parent conpany, the chem cal toxin
rel eased and/or transferred for off-site disposal, the
envi ronnment al nedi a which the chem cal was rel eased into or
transferred to (air, land, or water), the quantity involved

(pounds), a four-digit sic code for the facility's activity, and

a description of the toxins use.?® The TR is intended to

®Data is collected annually under the authority of Section 313
of the Enmergency Pl anning and Community Ri ght-To-Know Act
(EPCRA), part of the Superfund Arendnents and Reaut hori zation Act
of 1986 ( SARA)

“The TRl requirements have changed sonewhat since 1987. The
t hreshol d of 75,000 pounds was | owered to 50,000 pounds in 1988
and | owered again to 25,000 pounds in 1989.

“The TRl SIC code frequently does not match the industry
classification by the Census Bureau. Selection for inclusion in
this study was based on the Census Bureau's classification, as it
reflects the primary activity of the establishnment. The TRl and

42



provide communities with information about potential toxic
hazards and to i nprove planning for chem cal accidents. In 1987,
21.3 billion pounds of toxins were released or transferred from
the 20,805 reporting manufacturing facilities. Over 4,100 of the
facilities (20 percent) were engaged in chem cal production
activities involving toxic chem cals, accounting for 56.6 percent
of the total toxins, or 12 billion pounds.

The toxic release data are updated to reflect changes in the
TRI listing from1987 to 1992, resulting in a decrease in
rel eases by the chemcal plants in the LRD-TRI data set from5.9
to 2.8 billion pounds annually, a 51.5 percent reduction. As new
i nformati on becones avail abl e, EPA drops chem cal s judged
insufficiently toxic fromthe TRl list. The 1987 release data is
nodi fied by omtting the chemcals renoved fromthe TRl |ist.

The following data fromthe 1987 TRI are used for this
st udy:

I dentifying Information: Nane, Address, Location, Facility

Nunber
Chem cal Identification: Nunber and Quantity
Di sposition of Toxin: Released to Air, Land, Water or
Transferred Ofsite
Four cautionary notes are in order when using the TRl data.

First, the EPA's TRl |ist does not cover all toxic chenicals.

The |ist changes periodically with new information on the

LRD codes differ for 15 percent of the sanple at the two-digit
| evel and for one third of the sanple at the four-digit |evel.
In addition, for the chemcal industry, two thirds of the SIC
codes in the TRI are not legitinmate.
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toxicity of specific chemcals. Second, the 1987 TRl reporting
threshol d of 75,000 pounds of releases effectively elimnated
nmost small plants fromreporting, thus the report is based on
data for only 2100 of 12,000 chemcal plants. Wile rel eases
fromeach excluded plant are below the required |evel for
reporting, collectively, these plants may be rel easing
substantial amounts of toxins. Third, the TRl neasures rel eases
of toxins, not exposure of the public to the toxins or the
effects of any exposure. Finally, TRl releases are self
reported, often based on estimtes and not actual neasurenent.
As 1987 was the first required reporting year, nethodol ogies for
estimating toxic rel eases were not well devel oped. A nunber of
different nmethods were allowed. |In addition, there are
incentives for firns to both over and under estinmate rel eases.
Firms m ght understate their toxic waste to forestall nore
stringent regulation. Conversely, they m ght be tenpted to over
estimate initial releases in order to make future "inprovenents"
appear substantial to avoid future regulation. Thus the quality

of the data is not entirely certain.

1. Database Construction

The first stage in constructing the primary dataset is to
mat ch the data fromthe CMand the TR, maintaining the
manuf acturing plant as the unit of observation. The matching is
based on plant name and location. O the 12,039 chem cal plants
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in the LRD for 1987, 2,395 match facilities in the TR. A
plants with non-positive enploynent, value of production, or
toxic releases are omtted (210 observations). |In addition, al
remai ni ng census admnistrative records (32) and those with
extrene data val ues were dropped (10 observations);?* 2,143
plants with conplete data remained after this procedure. A
subset of 806 plants were included in the PACE survey. Ildeally,
toxic rel eases would be weighted to reflect overall health risk.

This is not possible at this tine.?

“Manuf acturing establishnents with 10 or fewer enployees are
usual |y exenpt fromreporting data other than enpl oynent and
total value of shipnents to the census. Thus, all other data
val ues are inputed for these establishnments. O the 2,229 plants
whi ch were matched with TRl and had positive enploynent, val ue
added, and toxins, only thirty were adm nistrative records.

*The EPA has devel oped a number of indices of toxicol ogical
potency, including acute human toxicity, chronic human toxicity,
acute aquatic toxicity, chronic aquatic toxicity, and cancer
potency. The first four indices are ordinal, making direct
conpari son between chemcals difficult. The only cardinal health
risk index is the cancer potency index, which estimates the unit
risk factor associated with human exposure to specific toxins.
The i ndex estinmates the probability of contracting cancer froma
seventy year continuous exposure to a concentration of one
m crogram of a chem cal per cubic neter of air. About one third
of the chemcals on the TRI |ist are currently considered to be
carcinogenic. Restricting the data to carcinogenic toxins
reduces the nunber of observations substantially.

45



